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(57) When data are recorded on a recording medium 
with one sector being a unit, additional information for 
reproducing data is recorded separately from the data 
as sub-codes in each sector on the data recording 



medium. Hence the reproduction of data can be control- 
led by using the sub-codes. Therefore, the usefulness of 
the data recording medium can be remarkably improved. 
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Description 

TECHNICAL FIELD 

The present invention relates to a data recording 
method and apparatus, a data recording medium, and a 
data reproducing method and apparatus. The present 
invention may be applicable, for example, to a method 
and an apparatus for recording and reproducing video 
data, audio data, caption data, and data composed of a 
plurality of these data as well as data produced on a com- 
puter in accordance with the stipulation of IS011172 
(MPEG1) or IS013818 (MPEG2). 

BACKGROUND ART 

Heretofore, a data recording medium such as a com- 
pact disc (a trade mark) has additional information data 
(subcode) recorded thereon for realizing random access, 
in addition to information to be primarily reproduced. The 
information to be primarily reproduced is subjected to a 
mechanism for correcting errors with information located 
before and behind the errors. Specifically, CIRC (Cross 
Interleaved Reed-Solomon Code) or the like is added to 
the information for countermeasures to such errors. 

Thus, data can be utilized only after the lapse of a 
time required to read data before and behind certain data 
for performing the error correction processing and a time 
required to calculations for the error correction. Essen- 
tially, unlike reproducible data, the additional information 
data is required to be utilized in a shorter time after it is 
read from a data recording medium, so that the error cor- 
rection processing is not performed for the additional 
information data, or different error correction processing 
with a different calculation method from that for data to 
be primarily reproduced is employed for the additional 
information data. 

As additional information data for randomly access- 
ing a data recording medium, the most necessary data 
is information indicative of the position of data on the data 
recording medium, i.e., the address. Since the compact 
disc or the like is a data recording medium which was 
originally created for recording audio data and is charac- 
terized in that information is recorded at a fixed bit rate, 
information (address) for specifying each read-out unit 
(sector) on the data recording medium is represented by 
a numerical value based on the hour, minute, second and 
frame, i.e., information (time code) on reproduction pass- 
ing time from the head of reproduced data. 

Due to the characteristic of the compact disc that 
information is recorded at a fixed bit rate, audio data 
reproduction passing time information (time code) on the 
disc increases in proportion to an increase in the dis- 
tance (address) of data from the head position thereof 
on the data recording medium, i.e., the disc. Conse- 
quently, designation of a particular read-out unit (sector) 
on the data recording medium may also be realized by 
specifying the reproduction passing time represented by 
hour, minute, second and frame. 



However, since this address based on hour, minute, 
second and frame is denoted based on a 60-adic number 
or a 75-adic number utilizing the number of frames per 
second, this address cannot be used as it is for a data 

5 recording medium used by a computer system which 
basically specifies addresses with binary codes (which 
may be denoted in hexadecimal). Thus, the MD (Mini- 
Disc (a trade mark)) standard and so on employ a binary 
form as the address for specifying a sector. In this case, 

lo although a search cannot be made directly with repro- 
duction passing time information (time code), since infor- 
mation is recorded at a fixed bit rate on the mini-disc and 
so on, conversion from a binary-form sector address to 
the reproduction passing time information (time code) 

15 can be realized by a proportional calculation. 

However, if the bit rate of information varies, the cor- 
respondence between the conventional reproduction 
passing time information represented by hour, minute, 
second and the number of frames and a sector address 

20 cannot be calculated. With a varying bit rate, even if the 
time code was used as . a second address, the rate of 
increase in the reproduction passing time information 
(time code) would be different between a higher bit rate 
portion and a lower bit rate portion, whereby two or more 

25 sectors would exist having the same passing time infor- 
mation (time code), or two adjacent sectors would not 
always have sequential passing time information (time 
code), causing a problem that the time code is not appro- 
priate as the sector address for specifying a position of 

30 data on the data recording medium. 

Also, as video data recorded on a data recording 
medium, video data in conformity to the stipulation of 
IS011172-2 (MPEG1 Video) or IS01818-2 (MPEG2 
Video) may be occasionally recorded. This video data 

35 suffers from technical restrictions on decoding. Specifi- 
cally, the decoding cannot be performed from an arbi- 
trary position of a bit stream, but must be always started 
from an l-picture. In a current video CD or the like, when 
a search is made on a data recording medium for starting 

40 to read data from an arbitrary position, the data read is 
not always started from head of an the l-picture, so that 
data cannot be utilized until the next l-picture is reached, 
causing a problem that the decoding cannot be started 
for this period. 

45 For reproducing the video data, one may wish to 
selectively decode only I- and P-picture with a B-picture 
skipped, or one may wish to selectively decode only I- 
picture with B- and P-picture skipped. The conventional 
video CD's and so on, nevertheless, have a problem that 

so they do not contain thereon information indicating at 
which position of a data recording medium picture data 
is accommodated and which of I-, P-, and B-picture data 
is accommodated, or information indicating the head 
position of such picture data, so that a picture of an arbi- 

55 trary picture type cannot be selectively reproduced by a 
search operation. 

Furthermore, since respective picture data of the 
video data, after encoded, are recorded in an order dif- 
ferent from the order in which they are displayed, a tern- 
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poral reference is described in a picture header of the 
video data for indicating the display order. However, no 
specific method has been thought for allowing the user 
to make a search by specifying a number of the temporal 
reference. 5 

Also, the current data recording medium such as the 
compact disc has only one bit of management informa- 
tion on copyright, i.e., how to deal with duplication. More 
specifically, only one bit is assigned to information indi- 
cating whether duplication of data recorded on the data io 
recording medium is prohibited or permitted. This limits 
to only two kinds of determinations, that is, duplication is 
prohibited or permitted. Thus, such insufficient manage- 
ment information implies a problem that it is impossible 
to achieve detailed copyright management in combina- is 
tion of a plurality of conditions including whether or not 
duplication is permitted in a converted analog data form; 
whether or not duplication is permitted in a digital data 
form; whether or not data may be output to computer 
equipment; whether or not data may be output to audio- 20 
visual equipment other than a computer; and so on, and 
that repetitive duplications cannot be restricted. 

Also, in the current compact disc and so on, an addi- 
tional information data portion for use in accessing cer- 
tain data is provided in a fixed configuration, thus 25 
presenting few freedom for using the compact disc in a 
variety of ways, e.g., for using the compact disc so as to 
support a plurality of applications. 

DISCLOSURE OF THE INVENTION 30 

The present invention has been made in view of the 
foregoing aspects, and proposes a data recording 
method and apparatus, a data recording medium, and a 
data reproducing method and apparatus which are capa- 35 
ble of solving the conventional problems at a stroke and 
remarkably improving the usability as a whole. 

To solve the problems mentioned above, the present 
invention provides a data recording method for recording 
data in the unit of sector on a data recording medium, 40 
wherein additional information for data reproduction is 
recorded as a subcode in each sector separately from 
data. 

The present invention also provides a data recording 
apparatus for recording data in the unit of sector on a 45 
data recording medium which comprises subcode gen- 
erating means for generating a subcode as additional 
information for data reproduction in each sector sepa- 
rately from data recorded therein; and subcode adding 
means for recording data and the subcode in each sec- 50 
tor. 

The present invention also provides a data recording 
medium for recording data thereon in the unit of sector, 
wherein a subcode as additional information for data 
reproduction is recorded in each sector separately from 55 
the data. 

The present invention also provides a data repro- 
ducing method for reproducing a data recording medium 
which has a subcode serving as additional information 



for data reproduction recorded in each sector separately 
from data when the data was recorded in the unit of sec- 
tor, wherein the subcode recorded in each sector is 
reproduced independently of reproduction of the data 
recorded in each sector for controlling the reproduction 
of the data. 

The present invention also provides a data repro- 
ducing apparatus for reproducing a data recording 
medium which has a subcode serving as additional infor- 
mation for data reproduction recorded in each sector 
separately from data when the data was recorded in the 
unit of sector, which comprises main data reproducing 
means for reproducing the data recording in each sector; 
subcode reproducing means for reproducing the sub- 
code recorded in each sector; and control means for con- 
trolling the reproduction of the data by the main data 
reproducing means based on the subcode reproduced 
by the subcode reproducing means. 

By recording the additional information for data 
reproduction as a subcode in each sector separately 
from data when the data is recorded on a data recording 
medium in the unit of sector, the subcode can be used 
to control the data reproduction to remarkably improve 
the availability of the data recording medium. 

Upon reproducing a data recording medium which 
has the subcode serving as additional information for 
data reproduction recorded in each sector separately 
from data when the data was recorded in the unit of sec- 
tor, the subcode recorded in each sector is reproduced 
independently of the reproduction of the data recorded 
in each sector to control the data reproduction, thereby 
making it possible to support a variety of reproducing 
methods and provide improved usability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration 
of an embodiment of a data recording apparatus accord- 
ing to the present invention. 

Fig. 2 is a block diagram showing the configuration 
of an embodiment of a data reproducing apparatus 
according to the present invention. 

Fig. 3 is a table explaining a sector structure as an 
embodiment of a data recording format according to the 
present invention. 

Fig. 4 i a schematic diagram explaining user data 
recorded in a sector structure in accordance with the 
data recording format of Fig. 3. 

Fig. 5 is a table explaining a synchronization pattern 
in the sector structure in accordance with the data 
recording format of Fig. 3. 

Fig. 6 is a table showing a structure for adding a time 
code to a subcode in the sector structure in accordance 
with the data recording format of Fig. 3. 

Fig. 7 is a table showing a structure for adding entry 
point information to the subcode in the sector structure 
m accordance with the data recording format of Fig. 3. 

Fig. 8 is a table showing a structure for adding pic- 
ture header information to the subcode in the sector 
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structure in accordance with the data recording format 
of Fig. 3. 

Fig. 9 is a table showing a structure for adding a tem- 
poral reference to the subcode in the sector structure in 
accordance with the data recording format of Fig. 3. 

Fig. 1 0 is a table showing a structure for adding cop- 
yright management information to the subcode in a sec- 
tor structure in accordance with the data recording 
format of Fig. 3. 

Fig. 1 1 is a table showing the contents of a time code 
which is added as the subcode of Fig. 6. 

Fig. 1 2 is a table showing the contents of a time code 
which is added as the subcode of Fig. 6. 

Fig. 1 3 is a table showing the contents of a time code 
which is added as the subcode of Fig. 6. 

Fig. 14 is a table showing the contents of picture 
header information which is added as the subcode of Fig. 
6. 

Fig. 15 is a table showing the contents of picture 
header information which is added as the subcode of Fig. 
6. 

Fig. 16 is a table showing the contents of picture 
header information which is added as the subcode of Fig. 

6. 

Fig. 1 7 is a table showing picture types as the picture 
header information of Figs. 15 and 16. 

Fig. 18 is a table showing another structure of the 
subcode in the sector structure in accordance with the 
data recording format of Fig. 3. 

Fig. 19 is a table showing the contents of copyright 
information which is added as the subcode of Fig. 18. 

Fig. 20 is a table showing the contents of a duplica- 
tion code field in Fig. 19. 

Fig. 21 is a table showing the contents of a layer 
information field which is added as the subcode of Fig. 
18. 

Fig. 22 is a table showing the contents of a number 
of layers field in the layer information of Fig. 21 . 

Fig. 23 is a table showing the contents of a layer 
number field in the layer information of Fig. 21 . 

Fig. 24 is a table showing the contents of an appli- 
cation identification number field which are added as the 
subcode of Fig. 18. 

BEST MODE FOR EMBODYING THE PRESENT 
INVENTION 

One embodiment of the present invention will be 
described in detail with reference to the accompanying 
drawings. 

(1) Data Recording Format 

(1-1) Sector Structure 

A data recording medium according to this embodi- 
ment is a medium which is capable of recording and stor- 
ing data thereon, for example, a compact disc, a 
magneto-optical disc, a hard disc, and so on, where user 
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data including video data, audio data, caption data, data 
composed of a plurality of these data, and data produced 
on a computer as well as additional information including 
a subcode and so on are recorded by a data recording 
5 apparatus in a sector structure defined in accordance 
with a data recording format shown in Fig. 3 at a variable 
data rate. 

In third data recording format, the size of a user data 
field in a sector is selected to be 2,048 bytes. Also in this 
10 embodiment, one packet is defined so as not to extend 
over a plurality of sectors of user data, so that the length 
of one packet should be 2,048 bytes at maximum or less. 
The user data in each sector always has a packet header 
added at the head thereof, as shown in Figs. 4(A) - 4(C). 
15 Actually, placed at the head of each sector is a four- 
bit synchronization pattern comprising one of fixed pat- 
terns as shown in Fig. 5 by which the head of each sector 
is detected. Subsequent to this synchronization pattern, 
a two-byte CRC (Cyclic Redundancy Check) code is cal- 
20 culated and added for a subcode which is placed behind 
the CRC code. The subcode added subsequent to the 
CRC code includes a variety of identification information 
on user data. The subcode has a 14-byte length. Sub- 
sequent to the subcode, the above-mentioned user data 
25 is added, followed by a four-byte CRC code calculated 
from and added for the subcode, the CRC code for the 
subcode and the user data. For the sake of convenience, 
the four-byte CRC code calculated from the subcode, 
CRC code and user data is called the "EDC". For these 
30 synchronization pattern, subcode, CRC code, user data, 
and EDC, two kinds of parities C1 and C2 having different 
interleave directions created in accordance with the 
cross interleaved Reed-Solomon code, i.e. 308 bytes of 
ECC (Error Correction Code) is added to complete a sec- 
35 tor consisting of 2,380 bytes of recording data which is 
recorded on a data recording medium for storage and 
reproduction. 

(1-2) Structure of Subcode 

40 

In the above described data recording format, four- 
byte time code information (Fig. 6), one-byte entry point 
information (Fig. 7), one-byte picture header information 
(Fig. 8), two-byte temporal reference information (Fig. 9), 
45 or four-byte copyright management information (Fig. 1 0) 
is used in addition to a four-byte sector number (a sector 
address) as the contents of the subcode, as shown in 
Figs. 6-10. 

Actually, with the sector number and the time code 
so information being used for the subcode as shown in Fig. 
6, the position of each sector can be specified even if 
data is recorded on a data recording medium at a varia- 
ble data rate, the sector address can be specified in a 
manner suitable for a data recording medium used in a 
55 computer system, and a search using the time code 
information can be easily realized for reproduction, thus 
making it possible to extent applicable areas of the data 
lecording medium. 
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A data format for the time code information may be 
implemented by a time code having fields of hour, 
minute, second, 1/10 second, and 1/100 second, as 
shown in Fig, 1 1 . This is a data format commonly usable 
as the time code for video data, audio data and caption 5 
data. Time code information exclusive to video data may 
be implemented by a time code having fields of hour, 
minute, second, and a number of frames of a video sig- 
nal, as shown in Fig. 12. In the case of Figs. 1 1 and 12, 
all fields are described in a BCD (Binary Coded Decimal) w 
notation. 

A further data format for the time code information 
may employ a time code format stipulated in IS0 1381 8- 
2 (MPEG2 Video) as shown in Fig. 13. Since this format 
permits a time code included in video data and a time is 
code included in additional information to be analyzed 
by the same method, an analysis circuit or an analysis 
program can be shared by the video data and the addi- 
tional information. Also, since respective fields of this for- 
mat are described in a binary notation, the time code 20 
information can be written with a less amount of informa- 
tion than writing a time code described in a BCD notation 
into additional information. Thus, if a fixed length sub- 
code is employed, further, information may be added 
thereto by the reduced amount. 25 

The entry point information, stored in the subcode 
shown in Fig. 7, is flag information which is set only for 
a sector including the head position of a l-picture. Spe- 
cifically explaining, this flag information, set only for a 
sector including the head position of an l-picture is pro- 30 
vided such that when a data reproducing apparatus is 
adapted to start reading out data by detecting the flag 
information, the decoding can be initiated immediately 
from the head of the l-picture. In this way, reproduction 
can be started immediately after a high-speed search 35 
operation. 

The picture header information, stored in the sub- 
code shown in Fig. 8, may comprise a one-bit picture 
header flag which is set only for a sector including the 
head position of a picture as shown in Fig. 14; two-bit 40 
picture type information (indicative of an I-, P-. or B-pic- 
ture) as shown in Fig. 15; or both of the picture header 
flag and the picture type information as shown in Fig. 16. 
As to the picture type, two-bit patterns are assigned to 
the t-picture, P-picture, and B-picture, respectively, as 45 
shown in Fig. 1 7. It should be noted that the two-bit pat- 
tern indicative of an l-picture is added as a subcode when 
at least l-picture data exist in a corresponding sector; the 
two-bit pattern indicative of a P-picture is added when I- 
picture data does not exist but P-picture data exists in a so 
corresponding sector; and the two-bit pattern indicative 
of a B-picture is added when neither l-picture data nor 
P-picture data exist but B-picture data only exists in a 
corresponding sector. 

By thus adding the picture header information to the 55 
subcode such that a reproducing apparatus detects it to 
control a data read operation, data can be initially read 
from the head position of a picture, or alternatively, selec- 
tive reproduction based on the picture type can be imple- 
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mented in such a manner that a picture to be decoded 
is read while a picture not to be decoded is skipped. 

The temporal reference information, stored in the 
subcode shown in Fig. 9, refers to a temporal reference 
existing in a picture layer within a bit stream stipulated 
by IS01 1 172-2 (MPEG1 Video) or IS013818-2 (MPEG2 
Video) for indicating an order in which respective pictures 
are to be displayed. By thus providing the subcode with 
the temporal reference information such that a data 
reproducing apparatus starts reading data upon detect- 
ing the temporal reference information, the data repro- 
ducing apparatus can access to a picture with a temporal 
reference number specified by the user. 

The copyright management information, stored in 
the subcode shown in Fig. 10, includes one-byte infor- 
mation indicating how to treat the copyright for each of 
digital video, analog video, digital audio, and analog 
audio data. The set of one-byte copyright information 
added as a subcode provides for copyright management 
in combination of a plurality of conditions in accordance 
with data creator or recorder's intention. 

The subcode may also take a form shown in Fig. 18. 
As illustrated, when the subcode is formatted to include 
copyright information, layer information, sector number 
(sector address), track number, application identification 
number, and application information, this single structure 
subcode enables a data recording medium to support a 
variety of applications. 

The copyright information shown in Fig. 18 indicates 
attributes with respect to duplication of user data 
included in an associated sector with a two-bit duplica- 
tion code as shown in Fig. 19. The duplication code has 
two-bit patterns as shown in Fig. 20 which are assigned 
to attributes of "Duplication Permitted", "Duplication 
Once Permitted", and "Duplication Prohibited", respec- 
tively. 

The layer information is used when a disc comprises 
a plurality of layers to indicate how many layers the disc 
including a sector is formed of, and which of the layers 
the sector is contained. 

More specifically, the layer information in Fig. 1 8 rep- 
resents information on a disc and a layer including a sec- 
tor with three-bit fields denoted "Number of Layers" and 
"Layer Number" as shown in Fig. 21 . "Number of Layers" 
is set to "1 " when a disc including the sector is formed of 
a single layer, and to "2" when the disc is formed of two 
layers. Numerical values other than "1" and "2" are 
reserved. 

"Layer Number", as shown in Fig. 23, is set to "0" 
when a layer including a sector is a first layer, and to "1" 
when it is a second layer. Numerical values other than 
"0" and "1 H are reserved. 

The track number shown in Fig. 18 is provided for 
realizing a mechanism of a track utilized for searching 
for the head of a music title on a compact disc or the like. 
The track is defined as a set of sequential sectors on a 
disc and denoted a track number. 

The application identification number shown in Fig, 
18 is provided for classifying the contents of information 
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written in a user data portion of Fig. 3 in accordance with 
applications associated with the information. For exam- 
pie, supposing that a portion of a disc contains data for 
a so-called application DVD (Digital Video Disc), and the 
other portion contains data for another application (for 
example, an audio application), a different number is 
recorded in the application identification number field of 
the subcode associated with each data to allow easy dis- 
crimination of data for different applications upon repro- 
duction. The application identification number is also 
used for defining the kind of information recorded in the 
application information field subsequent to the applica- 
tion identification number field. 

Fig. 24 shows, by way of example, the definition of 
application identification number. When the application 
identification number is set to "0", the subsequent appli- 
cation information field is filled with "0". 

Also, when the application identification number is 
set to "1", DVD (Digital Video Disc) data is recorded in 
the user data area of an associated sector, and informa- 
tion regarded to be important to DVD is written into the 
application information field. For example, the applica- 
tion information field may contain information on the 
entry point, described above with reference to Fig. 7 
which is very important information for the MPEG stand- 
ard used in DVD. 

When the application identification number is set to 
"2", audio data is recorded in the user data area of an 
associated sector, so that information regarded to be 
important to audio is recorded in the application informa- 
tion field. For example, the sampling frequency, bit 
length, and so on of audio data are recorded to help the 
operation of a reproducing apparatus. 

When the application identification number is set to 
"254", the user data area of an associated sector is filled 
with "0". The application identification number from T, 3" 
to "253" and "255" is reserved here. 

According to the foregoing recording format, video 
data, audio data, caption data, data composed of a plu- 
rality of these data, and data produced on a computer 
are recorded in the unit of sector, and time code infor- 
mation, entry point information, picture header informa- 
tion, temporal reference information, or track number is 
added as a subcode to each sector in addition to a sector 
number, thus making it possible to realize a data record- 
ing medium which can remarkably improve the usability 
thereof for special reproduction, search and reproduc- 
tion, and so on performed on the reproducing apparatus 
side, even if data is recorded thereon at a variable data 
rate. 

Also, with the information on copyright added as a 
subcode to each sector, it is possible to realize a data 
recording medium with which detailed copyright man- 
agement can be achieved for each sector on the repro- 
ducing apparatus side. 

Further, with the layer information added as a sub- 
code to each sector, it is possible to realize a data record- 
ing medium from which recorded data extending over a 



plurality of layers can be reproduced by a reproducing 
apparatus. 

Furthermore, by recording the application identifica- 
tion number and the application information, information 
5 required by a variety of applications can be easily 
recorded in each subcode, thus making it possible to 
realize a data recording medium which can remarkably 
improve the usability. 

w (2) Data Recording Apparatus According to Embodiment 

Referring to Fig. 1, reference numeral 1 generally 
designates a data recording apparatus which records 
data in the data recording format according to the 
15 present invention which has been described with refer- 
ence to Figs. 3 - 1 7 and 1 8 - 24. The data recording appa- 
ratus 1 of this embodiment multiplexes video data, audio 
data, caption data, a program composed of a plurality of 
these data, and data produced on a computer, adds addi- 
20 tional information such as the subcode to the data, and 
records them on a data recording medium 19. 

In this data recording apparatus 1 . a master data 
supply unit 2, in response to a command from a control 
unit 20, supplies previously produced video data, audio 
25 data, and caption data to a video encoder 5, an audio 
encoder 8, and a caption encoder 7, respectively. This 
master data supply unit 2 comprises, for example, a 
video tape player for business use. When time code infor- 
mation is found in a sector together with video data, 
30 audio data and caption data, the master data supply unit 
2 supplies the time code information to a time code infor- 
mation switching circuit 10. 

A computer 3, in response to a command from the 
control unit 20, supplies a computer interface 4 with com- 
35 puter data to be recorded on the data recording medium 
19. The computer interface 4 converts electric charac- 
teristics, signal format, data format, and so on of infor- 
mation sent from the computer 3, and supplies a 
multiplexer circuit 8 with the information converted but 
40 having the same contents. 

The video encoder 5 encodes video data sent from 
the master data supply unit 2 in accordance with a coding 
procedure stipulated by IS01 1 1 72-2 (MPEG1 Video) or 
IS013818-2 (MPEG2 Video), and supplies encoded 
45 video data to the multiplexer circuit 8. The video encoder 
5 also supplies a subcode encoder 1 1 with entry point 
information indicative of a position at which l-picture data 
is found; picture header information indicative of a posi- 
tion at which a picture header is found; picture type infor- 
so mation indicative of the type of a picture; and temporal 
reference indicative of an order in which respective pic- 
tures are displayed. 

The audio encoder 6 supplies the multiplexer circuit 
8 with audio data sent fro the master data supply unit 2 
55 as it is or after encoding it in accordance with a coding 
procedure stipulated in ATRAC (Adaptive Transform 
Acoustic Coding) which complies with IS011172-3 
(MPEG1 Audio), IS013818-3 (MPEG2 Audio) or MD 
(mini-disc) standard. The caption encoder 7 supplies the 
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multiplexer circuit 8 with caption data sent from the mas- 
ter data supply unit 2 as it is or after subjecting it to run- 
length compress. 

The multiplexer circuit 8 multiplexes data sent from 
the video encoder 5, audio encoder 6, caption encoder 
7, and computer interface 4 in conformity to the stipula- 
tion of ISO1 172-1 (MPEG1 System) or IS013818-1 
(MPEG2 System). In this event, the multiplexer circuit 8 
receives an indication from the control unit 20 as to a 
processing unit of data which can be read from or written 
into the data recording medium 19 at a time, i.e., an 
amount of user data recorded in a sector, multiplexes 
data so as to prevent a packet from extending over user 
data areas in a plurality of sectors, and supplies multi- 
plexed user data to a subcode adding circuit 15. Simul- 
taneously with this, the multiplexer circuit 8 also supplies 
a sector boundary signal indicative of a boundary 
between sectors to the subcode adding circuit 15. 

A time code information generator 9 generates time 
code information in response to a command from the 
control unit 20. The time code information switching cir- 
cuit 1 0 selects one from time code information sent from 
the master data supply unit 2 and time code information 
sent from the time code information generator 9, and 
supplies selected one to the subcode encoder 11. Note 
that the time code information switching circuit 1 0 selects 
time code information sent from the master data supply 
unit 2 whenever it is sent therefrom, and selects time 
code information sent from the time code information 
generator 9 when no time code information is sent from 
the master data supply unit 2. 

The subcode encoder 11 encodes sector number 
information sent from the control unit 20 and other addi- 
tional information into a predetermined format, and sup- 
plies the encoded information to a CRC encoder 12. The 
other additional information mentioned above refers to 
copyright management information, time code informa- 
tion sent from the time code information switching circuit 
10, and entry point information, picture header informa- 
tion, picture type information or temporal reference infor- 
mation sent from the video encoder 5. 

Further additional information may include layer 
information, track number, application identification 
number, and application information inputted from an 
input unit not shown. If the application identification 
number indicates, for example, DVD.the application infor- 
mation has the entry point information sent from the 
video encoder 5. 

The CRC encoder 12 calculates CRC for subcode 
information sent from the subcode encoder 1 1 , adds the 
CRC data to the subcode information, further calculates 
EDC, adds the EDCto the subcode information, and sup- 
plies the subcode information with the additional CRC 
and EDC to a synchronization pattern adding circuit 13. 
The synchronization pattern adding circuit 13, in turn, 
adds the synchronization pattern shown in Fig. 5 to the 
supplied subcode information and supplies them to a 
subcode buffer 1 4. The subcode adding circuit 1 5 inserts 
the subcode information read from the subcode buffer 



14 at the boundary of each sector in data sent from the 
multiplexer circuit 8. The position at which the subcode 
information is inserted is determined on the basis of a 
sector boundary signal sent from the multiplexer circuit 

5 8. An ECC encoder 16 uses multiplexed data sent from 
the subcode adding circuit 1 5 to calculate C1 and C2 par- 
ities, i.e., ECC in accordance with Reed-Solomon code, 
adds the ECC to the multiplexed data, and supplies them 
to a modulator circuit 17. 

10 The modulator circuit 1 7 is a circuit for modulating 
data sent from the ECC encoder 1 6 to a signal format 
recordable on the data recording medium 19, and per- 
forms EFM (Eight to Fourteen Modulation), by way of 
example. A writer unit 18 electrically, magnetically, opti- 

is catty, and/or physically records signals sent from the 
modulator circuit 1 7 on the data recording medium 19. 

While in this embodiment, the ECC, i.e., the parities 
are calculated for and added to the multiplexed data after 
the subcode is added thereto, the data recording appa- 

20 ratus 1 may be constructed to add the subcode to the 
multiplexed data sent from the multiplexer circuit 8 after 
the ECC is added to the multiplexed data. 

The control unit 20 supplies a supply command to 
the master data supply unit 2 and the computer 3 in 

25 accordance with editing instructions from the user, indi- 
cates the processing unit of read/write, i.e., the size of a 
sector for the data recording medium 19 to the multi- 
plexer circuit 8, and supplies a time code generating 
command to the time code information generator 9. The 

30 control unit 20 also supplies a switching command to the 
time code switching circuit 10, receives a command 
related to copyright management, layer information, 
track number, application identification number, and 
application information from an input unit, not shown, 

35 and supplies the subcode encoder 1 1 with sector 
number information, copyright management information, 
layer information, track number, application identification 
number, and application information. 

In the foregoing configuration, the control unit 20 first 

40 commands the master data supply unit 2 or the computer 
3 to supply data in accordance with editing instructions 
from the user, and indicates the size of a sector to the 
multiplexer circuit 8. The control unit 20 also generates 
sector number information, copyright management infor- 
ms mation, layer information, track number, application iden- 
tification number, and application information for 
recording in the subcode which are supplied to the sub- 
code encoder 1 1 . Further, if no time code information is 
sent from the master data supply unit 2, the control unit 

so 20 commands the time code information generator 9 to 
generate time code information in accordance with 
instructions from the user. 

The video encoder 5 encodes inputted video data in 
accordance with IS011172-2 (MPEG1 Video) or 

55 IS013818-2 (MPEG2 Video), and supplies the encoded 
video data to the multiplexer circuit 8. In this event, pic- 
ture type information indicative of the type of an encoded 
picture (l-picture, P-ptcture, or B-picture) and temporal 
reference information are supplied to the subcode 
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encoder 11. Also, when a picture header is sent, infor- 
mation indicating that a picture header exists is also sup- 
plied to the subcode encoder 1 1 . In particular, when an 
l-picture is sent, information indicating that an l-picture 
header exists, i.e., entry point information is supplied to 
the subcode encoder 1 1 . 

The audio encoder 6 and the caption encoder 7 
respectively encode an audio signal and a caption signal 
inputted thereto, and supply the encoded signals to the 
multiplexer circuit 8. The multiplexer circuit 8 multiplexes 
data sent from the video encoder 5, audio encoder 6, 
and caption encoder 7 in conformity to the stipulation of 
IS01 172-1 (MPEG1 System) or IS013818-1 (MPEG2 
System). 

The user data divided into packets per sector by the 
multiplexer circuit 8 is supplied to the subcode adding 
circuit 15 and the CRC encoder 12. The multiplexer cir- 
cuit 8 also supplies the subcode adding circuit 1 5 with a 
sector boundary signal which is set to "1" only when the 
first byte of user data, i.e., data indicative of the boundary 
of a sector is delivered and to "0" in other cases. 

The subcode encoder 1 1 in turn creates subcode 
data in accordance with the subcode structures shown 
in Figs. 6 - 10 and 1 8 - 24. More specifically, the subcode 
encoder 1 1 composes a subcode of a sector number and 
a time code (Fig. 6); the sector number and entry point 
information (Fig. 7); the sector number and picture 
header information (Fig. 8); the sector number and tem- 
poral reference (Fig. 9); the sector number and copyright 
management information (Fig. 10); or the copyright man- 
agement information, layer information, sector, number, 
track number, application identification number, and 
application information as shown in Fig. 18, all of which 
are extracted from the data sent thereto, and supplies 
the composed subcode to the CRC encoder 12. The 
CRC encoder 12 calculates CRC for the subcode data 
received from the subcode encoder 1 1 , and adds the 
CRC immediately before the subcode data. The CRC 
encoder 12 further calculates EDC from the user data 
sent from the multiplexer circuit 8 and the subcode data 
with the CRC added thereto, and supplies the synchro- 
nization pattern adding circuit 13 with this EDC together 
with the subcode data with the additional CRC data. 

The synchronization pattern adding circuit 13 adds 
a synchronization pattern (Fig. 5) immediately before the 
subcode data with the additional CRC data, and supplies 
the subcode data having the CRC data and the synchro- 
nization pattern to the subcode buffer 14. The subcode 
buffer 14 holes the sent data sequentially including the 
synchronization pattern, CRC, and subcode data and 
EDC so as to supply them to the subcode adding circuit 
1 5 in response to a request from the subcode adding cir- 
cuit 15. 

The subcode adding circuit 1 5 requests the subcode 
buffer 14 to supply corresponding data sequentially 
including a synchronization pattern, CRC, and subcode 
data based on a sector boundary signal sent from the 
multiplexer circuit 8, inserts the requested data immedi- 
ately before the user data sent from the multiplexer circuit 



8, adds the EDC immediately behind the user data, and 
supplies the ECC encoder 16 with the user data having 
the subcode data and EDC added thereto. 

The ECC encoder 16 calculates ECC for the multi- 

5 plexed data sent from the subcode adding circuit 15, 
adds the calculated ECC to the multiplexed data, and 
supplies the multiplexed data with the ECC to the mod- 
ulator circuit 1 7. 

The modulator circuit 17 modulates the data sent 

10 from the ECC encoder 16, and supplies the modulated 
data to the writer unit 18 which in turn records the sent 
data on the data recording medium 19. 

According to the foregoing configuration, in parallel 
with processing for recording video data, audio data, 

is caption data, data composed of a plurality of these data, 
and data produced on a computer in the unit of sector, a 
time code, entry point information, picture header infor- 
mation, temporal reference, copyright management 
information, layer information, track number, application 

20 identification number, or application information is gen- 
erated as a subcode, and added to an associated sector, 
thereby making it possible to realize a data recording 
apparatus which can add useful subcode information on 
the reproduction side with a simple configuration. 

25 

(3) Data Reproducing Apparatus According to Embodi- 
ment 

Referring now to Fig, 2, reference numeral 21 gen- 
30 erally designates a data reproducing apparatus which 
reads video data, audio data, caption data, data com- 
posed of a plurality of these data, and data reproduced 
on a computer together with additional information from 
the data recording medium 19 on which such data is 
35 recorded in accordance with the data recording format 
of the present invention described above with reference 
to Figs. 3 - 17 and 18 - 24. 

In this data reproducing apparatus 21, a drive unit 
22 performs mechanical mounting and dismounting of a 
40 data recording medium 1 9, as well as drives a pickup for 
reading signals from the data recording medium 19, 
which may be an optical head, a magnetic head, or a 
magneto-optical head, reads signals from the data 
recording medium 19 by means of the pickup, and sup- 
45 plies a demodulator circuit 23 with consequently repro- 
duced signals. 

The demodulator circuit 23 demodulates signals 
sent from the drive unit 22, and supplies the demodu- 
lated data to an ECC decoder 24. A demodulating 
so method employed herein corresponding to the modulat- 
ing method employed in the modulator circuit 16, and 
may be, for example, EFM demodulation. 

The ECC decoder 24 performs calculations based 
on multiplexed data and C1 of ECC or C1 and C2 of ECC 
55 sent from the demodulator circuit 23 to detect whether 
errors are included in the multiplexed data and ECC. In 
this event, correctable errors in the multiplexed data, if 
detected, are corrected, and the ECC is removed from 
the multiplexed data. Then, the multiplexed data free 
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from errors, which have been detected and corrected, is 
supplied to a subcode extracting unit 26. In this event, 
the ECC decoder 24 adds an error flag, for example, to 
every eight bits of the multiplexed data to be outputted. 
The error flag is set to "0" when associated eight bits of 5 
the multiplexed data include no error or when errors have 
been completely corrected, and to "1" when errors were 
uncorrectable. 

The subcode extracting unit 26 extracts subcode 
data and CRC from every one-sector portion of the muJ- 10 
tiplexed data sent from the ECC decoder 24 based on a 
synchronization pattern thereof.supplies the extracted 
data and CRC to a CRC checker 35, and also supplies 
the multiplexed data including the subcode from the ECC 
decoder 24 to a ring buffer 27. is 

The CRC checker 35 calculates CRC included in the 
subcode data sent from the subcode extracting unit 26 
to detect whether errors are included in the subcode 
data. The subcode data is sent to a subcode buffer 25 if 
no error is detected, whereas it is not sent to the subcode 20 
buffer 25 if any error is detected. The subcode buffer 25 
temporarily holds the subcode data and supplies the held 
data to a control unit 33 in response to a request there- 
from. 

The ring buffer 27 is a memory for eliminating rate 25 
fluctuations caused by variable rate recording, which has 
a FIFO memory therein for temporarily buffering the mul- 
tiplexed data and the error flag sent from the subcode 
extractor 26 and for supplying the buffered data to a 
demultiplexer 28 in response to a request therefrom. 30 

It should be noted that while subcode information is 
extracted immediately after performing an error correc- 
tion in the configuration of this embodiment, the subcode 
information may be extracted, for example, immediately 
before the error correction. 35 

The demultiplexer 28 decomposes data sent from 
the ring buffer 27 into a video stream, an audio bit stream, 
a caption bit stream, subcode data and other bit streams 
in accordance with the stipulation of IS011 172-1 
(MPEG1 System) or IS013818-1 (MPEG2 System). 40 
Within these decomposed bit streams, the video bit 
stream is supplied to a video decoder 29; the audio bit 
stream to an audio decoder 30; the caption bit stream to 
a caption decoder 31 ; the subcode data to the control 
unit 33; and the other bit streams, which may be 45 
regarded as computer data, to a computer interface 34. 

The video decoder 29 decodes the video bit stream 
sent from the demultiplexer 28 in conformity to 
IS011 172-2 (MPEG1 Video) or IS013818-2 (MPEG2 
Video) and supplies the decoded digital video signal to so 
a host processor 32. 

The audio decoder 30 decodes the audio bit stream 
sent from the demultiplexer 28 in conformity to 
IS01 1172-3 (MPEG1 Audio) or IS013818-3 (MPEG2 
Audio) and outputs the decoded digital audio signal to a ss 
digital audio output terminal and to a D/A convertor 37. 
Alternatively, the outputting of the digital audio signal to 
the digital audio output terminal may be prohibited by a 
command from the control unit 33. 
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The caption decoder 31 expands the caption bit 
stream sent from the demultiplexer 28, if it has under- 
gone run-length compress, and then supplies the 
expanded caption data to the host processor 32. The 
host processor 32 in turn superimposes the caption data 
sent from the caption decoder 31 on the video data sent 
from the video decoder 29, and outputs the superim- 
posed digital video signal to a digital video output termi- 
nal, and to a D/A and NTSC converter 36. Alternatively, 
the outputting of the digital video signal to the digital 
video signal output terminal may be prohibited by a com- 
mand from the control unit 33. 

The control unit 33 controls the ECC decoder 24, the 
demultiplexer 28, the video decoder 29, the caption 
decoder 31 , the host processor 32, and so on based on 
a variety of instructions inputted from the user through 
an input unit, not shown. The control unit 33 also sends 
a command to the drive unit 22 to start reading the data 
recording medium 19, issues a seek command to the 
drive unit 22 to seek certain data, issues a normal repro- 
duction recover command to the drive unit 22 to resume 
normal reproduction from a seek operation, read sub- 
code data from the subcode buffer 25, and issues the 
seek command and the normal reproduction recover 
command based on the subcode data. Incidentally, in 
this embodiment, the control unit 33 fetches a subcode 
also from the demultiplexer 28. This is because tempo- 
rary storage of data in the ring buffer 27 causes a delay 
in data outputted from the ring buffer 27, so that a sub- 
code extracted by the subcode extracting unit 26 
presents a time difference from a subcode for a sector 
corresponding to current video bit stream, audio bit 
stream, caption bit stream and other bit stream which are 
being decomposed by the demultiplexer 28. For this rea- 
son, the control unit 33 fetches a subcode also from the 
demultiplexer 28 during normal reproduction in order to 
obtain a time code, a sector number and so on in a sub- 
code for a sector corresponding to data which is currently 
being decomposed and is actually ready for decoding. 

The computer interface 34 temporarily holds bit 
streams sent from the demultiplexer 28, converts electric 
characteristics, signal format and data format of the bit 
streams so as to permit a computer to receive them, and 
outputs the converted data to a computer data output. 

The D/A and NTSC convertor 36 converts a digital 
video signal sent from the host processor 32 to an analog 
video signal, encodes the analog video signal to an 
NTSC signal, and outputs the NTSC encoded signal to 
an analog video output terminal. Alternatively, the con- 
vertor 36 may be prohibited from outputting the video sig- 
nal to the analog video output terminal by a command 
from the control unit 33. The D/A convertor 37 converts 
a digital audio signal sent from the audio decoder 30 to 
an analog audio signal, and outputs the analog audio sig- 
nal to an analog audio output terminal. Alternatively, the 
D/A convertor 37 may be prohibited from outputting the 
analog audio signal to the analog audio output terminal 
by a command from the control unit 33. 



9 



17 



EP 0 696 798 A1 



18 



Although not shown, an EDC checker may be pro- 
vided at the rear stage of the ECC decoder to detect 
errors in user data using EDC in multiplexed data. 

In the foregoing configuration, the control unit 33 first 
receives reproduction instructions from the user, and 
issues a seek command to the drive unit 22. The drive 
unit 22 moves the pickup to a predetermined position to 
read a signal from the data recording medium 19. and 
supplies the read signal to the demodulator unit 23. The 
signal from the drive unit 22 is demodulated by the 
demodulator 23 and supplied to the ECC decoder 24. 
The ECC decoder 24 performs error detection and cor- 
rection using ECC consisting of C1 and C2 parities sent 
thereto together with multiplexed data to correct correct- 
able errors, and supplies the multiplexed data free from 
errors to the subcode extracting unit 26. The subcode 
extracting unit 26 detects a synchronization pattern from 
the supplied multiplexed data, and supplies a subcode 
and CRC to the CRC checker 35 and the multiplexed 
data to the ring buffer 27, respectively, based on the posi- 
tion of the detected synchronization pattern. 

The user data or multiplexed data sent to the ring 
buffer 27 is supplied to the demultiplexer 28, and therein 
decomposed into a video bit stream, an audio bit stream, 
a caption bit stream, subcode data, and other bit stream, 
each of which is supplied to the video decoder 29, the 
audio decoder 30, the caption decoder 31, the control 
unit 33, and the computer interface 34, respectively. 

The video bit stream sent to the video decoder 29 is 
decoded therein and supplied to the host processor 32. 
The audio bit stream sent to the audio decoder 30 is 
decoded therein and outputted to the digital audio output 
terminal and to the D/A convertor 37. The digital audio 
signal sent to the D/A convertor 37 is converted into an 
analog audio signal and outputted to the analog audio 
output terminal. 

The caption bit stream sent to the caption decoder 
3 1 is expanded, if it has undergone run-length compress, 
and supplied to the host processor 32. The host proces- 
sor 32 superimposes the caption data sent from the cap- 
tion decoder 31 on the video data sent from the video 
decoder 29, and outputs the superimposed video data 
to the digital video output terminal and to the D/A and 
NTSC convertor 36. 

When subcode data is held in the subcode buffer 25, 
the control unit 33 read out the subcode data to empty 
the subcode buffer 25. When a subcode read from the 
subcode buffer 25 or the demultiplexer 28 is in the form 
shown in Fig. 10, the control unit 33 refers to copyright 
management information included in the subcode data 
to issue an output enable command or an output disable 
command for the respective digital and analog output ter- 
minals for video and audio signals. When a correspond- 
ing byte of the copyright management information is 
other than "0", the control unit 33 commands the host 
processor 32, the D/A and NTSC convertor 36, the audio 
decoder 30, and the D/A convertor 37 to disable output- 
ting the video and audio signals. 



When the read subcode data is in the form shown in 
Fig. 6, it is assumed that a search is made based on a 
time code specified by the user during norma! reproduc- 
tion. The control unit 33 stores a time code of currently 

5 reproduced data from subcode data thereof during nor- 
mal reproduction. When a new search is instructed by 
the user, the stored time code is compared with a time 
code specified by the user. Then, the control unit 33 com- 
mands the drive unit 22 to move the pickup toward the 

w direction in which data corresponding to the specified 
time code exists, i.e., from a current sector in the direc- 
tion of increasing or decreasing the sector number of the 
current sector, for reading the data. 

A subcode of the data read from a sector to which 

15 the pickup has been moved is sent through the demod- 
ulator circuit 23, the ECC decoder 24, the subcode 
extracting unit 26, the CRC checker 35, and the subcode 
buffer 25 to the control unit 33 which reads, from the sub- 
code, a time code in the subcode corresponding to the 

20 sector. If the time code of the sector to which the pickup 
has been moved is not coincident to or sufficiently close 
to the time code specified by the user, the control unit 33 
again commands the drive unit 22 to move the pickup to 
repeat the above-mentioned operations, when the time 

25 code of a sector to which the pickup has been moved is 
coincident to or sufficiently close to the time code spec- 
ified by the user, the search operation is stopped to 
resume normal reproduction from the position at which 
the pickup is currently placed. In this way, since the 

30 search operation is performed using the time code added 
as a subcode, the data reproducing apparatus 21 pro- 
vides high-speed random access. 

When the read subcode data is in the form shown in 
Fig. 7, a search is made based on an entry point when 

35 instructed by the user during normal reproduction. The 
control unit 33, responsive to instructions from the user, 
commands the drive unit 22 to move the pickup from a 
current sector in the direction of increasing or decreasing 
the sector number of the current sector by a predeter- 

40 mined amount to read multiplexed data from the data 
recording medium 19. 

A subcode of the data read from a sector to which 
the pickup has been moved is sent through the demod- 
ulator circuit 23, the ECC decoder 24, the subcode 

45 extractor 26, the CRC checker 35, and the subcode 
buffer 25 to the control unit 33 which reads entry point 
information in the subcode corresponding to the sector. 
If an entry point flag is not set for the sector to which the 
pickup has been moved, the control unit 33 again com- 

so mands the drive unit 22 to move the pickup to repeat the 
above-mentioned operations. If the entry point flag is set 
for the sector to which the pickup has been moved, the 
search operation is stopped to resume normal reproduc- 
tion from the position at which the pickup is currently 

55 placed. In this event, since the entry point flag indicates 
the head position of an (-picture as described above, 
decoding can be started immediately after the search 
operation. Also, during the search operation, the entry 
point in a subcode extracted by the subcode extracting 
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unit 26 is used without demultiplexing and decoding the 
multiplexed data, so that high speed random access can 
be achieved. 

When the read subcode data is in the form of Fig. 8 
with picture header information described as shown in s 
Fig. 1 4, a search is made based on a picture header flag, 
when instructed by the user during normal reproduction. 
The control unit 33, responsive to instructions from the 
user, commands the drive unit 22 to move the pickup 
from a current sector in the direction of increasing or 10 
decreasing the sector number of the current sector by a 
predetermined amount to read multiplexed data from the 
data recording medium 19. 

A subcode of the data read from a sector to which 
the pickup has been moved is sent through the demod- 15 
ulator circuit 23, the ECC decoder 24, the subcode 
extracting unit 26, the CRC checker 35, and the subcode 
buffer 25 to the control unit 33 which reads the picture 
header flag in the subcode. If the picture header flag is 
not set for the sector to which the pickup has been 20 
moved, the control unit 33 again commands the drive unit 
22 to move the pick up to repeat the above-mentioned 
operations. Conversely, if the picture header flag is set 
for the sector to which the pickup has been moved, the 
control unit 33 stops the search operation to resume nor- 25 
maf reproduction from the position at which the pickup is 
currently placed. In this way, a sector including the head 
position of a picture can be promptly accessed without 
demultiplexing and decoding the multiplexed data. 

If the read subcode data is in the form of Fig. 8 with 30 
the picture information described as shown in Fig. 15, a 
search operation can be performed such that only l-pic- 
ture is selectively read and decoded. With this subcode 
structure, a search, when instructed from the user during 
normal operation, is made based on the picture type in 35 
the subcode. The control unit 33, responsive to instruc- 
tions from the user, commands the drive unit 22 to move 
the pickup from a current sector in the direction of 
increasing or decreasing the sector number of the cur- 
rent sector to read data from the data recording medium 40 
19. 

A subcode of the data read from a sector to which 
the pickup has been moved is sent through the demod- 
ulator 23, the ECC decoder 24, the subcode extracting 
unit 26, the CRC checker 35, and the subcode buffer 25 45 
to the control unit 33 which reads the picture type in the 
subcode. If the picture type of a sector to which the 
pickup has been moved does not indicate an l-picture, 
the control unit 33 again commands the drive unit 22 to 
move the pickup. If the pickup type of a sector to which so 
the pickup was newly moved indicates l-picture, video 
data in this sector is supplied to the video decoder 29. 
Thereafter, the control unit 33 repeatedly commands the 
drive unit 22 to move the pickup. In this way, a sector 
including l-picture data can be accessed promptly with- 55 
out demultiplexing and decoding multiplexed data. When 
the l-picture data thus obtained is decoded, exclusive 
reproduction of l-picture can be selectively realized. 
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With a similar procedure, l-picture and P-picture only 
can be selectively reproduced by skipping sectors, the 
subcode of which has the picture type indicating a B-ptc- 
ture. 

Incidentally, when the subcode data is in the form of 
Fig. 8 with the picture header information described as 
shown in Fig. 14, a sector including the head of a picture 
header is not always a sector including a picture header 
of an l-picture. The video decoder 29 therefore requires 
an operation for deleting read data until a sector includ- 
ing an l-picture is detected. Thus, although the search 
operation can be made faster to some degree, it is impos- 
sible to immediately start decoding. Also, when the sub- 
code data is in the form of Fig. 8 with the picture header 
information described as shown in Fig. 15, the first 
derived l-picture data may not include a picture header, 
so that part of data must be deleted in the video decoder 
29. 

In consideration of the foregoing, if the subcode data 
is in the form shown in Fig. 8 with the picture header infor- 
mation described as shown in Fig. 16, a sector including 
a picture header of an l-picture can be specified, so that 
a search operation can be realized by faster selective 
reproduction of picture. Further, with the subcode data 
in the format of Fig. 9, when the user specifies a temporal 
reference number, a search is made based on temporal 
reference n the subcode. The control unit 33, responsive 
to instructions from the user, commands the drive unit 
22 to move the pickup from a current sector in the direc- 
tion of increasing or decreasing the sector number of the 
current sector by a predetermined amount to read mul- 
tiplexed data from the data recording medium 19. 

A subcode of the data read from a sector to which 
the pickup has been moved is sent through the demod- 
ulator 23, the ECC decoder 24, the subcode extracting 
unit 26, the CRC checker 35, and the subcode buffer 25 
to the control unit 33 which reads the temporal reference 
in the subcode. The control unit 33 commands the drive 
unit 22 to move the pickup to repeat the above-men- 
tioned operations until the temporal reference for the 
sector to which the pickup has been moved is coincident 
with the temporal reference number specified by the 
user. In this way, data indicated by the temporal refer- 
ence number specified by the user can be promptly 
accessed without demultiplexing and decoding the mul- 
tiplexed data. 

Likewise, when the subcode data is in the form 
shown in Fig. 18, random access to a particular track 
number, access to a sector having a particular applica- 
tion identification number, and random access using 
application information (entry point information is written 
herein), for example, when the application identification 
number indicates DVD, can be promptly performed 
respectively without demultiplexing and decoding data. 

More specifically, when the user instructs the control 
unit 33 to access a particular track number during normal 
reproduction, the control unit 33 stores a track number 
of currently reproduced data, derived from subcode data 
of the currently reproduced data, during normal repro- 
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duction, compares this track number with the track 
number specified by the user for a new search, and com- 
mands the drive unit 22 to move the pickup toward the 
direction in which data having the specified track number 
exists from a current sector in the direction of increasing 5 
or decreasing the sector number of the current sector to 
read data therefrom. 

A subcode of the data read from a sector to which 
the pickup has been moved is sent through the demod- 
ulator 23, the ECC decoder 24, the subcode extracting 10 
unit 26, the CRC checker 35, and the subcode buffer 25 
to the control unit 33 which reads a track number in the 
subcode corresponding to the sector. If the track number 
read from the sector to which the pickup has been moved 
is not coincident with the track number specified by the 15 
user, the control unit 33 again commands the drive unit 
22 to move the pickup to repeat the above-mentioned 
operations. If the track number read from the sector to 
which the pickup has been moved is coincident with the 
track number specified by the user, the control unit 33 20 
stops the search operation to resume normal reproduc- 
tion from the position at which the pickup is currently 
placed. In this way, since data is accessed using a track 
number added as the subcode without demultiplexing 
and decoding the multiplexed data, fast, random access 25 
can be achieved. Likewise, using the application infor- 
mation in which entry point information is described, fast 
random access can be performed similarly to the case 
of the aforementioned Fig. 7. 

Also, when the subcode data is in the form shown in 30 
Fig. 18, the control unit 33 can determined whether a 
sector including data associated with a target application 
has been read by fetching an application identification 
number. 

Further, when the subcode data is in the form shown 35 
in Fig. 18, assume that a two-layer disc is reproduced. A 
subcode of data read fro the disc is supplied to the con- 
troller 33 through the demodulator unit 23, the ECC 
decoder 24, the subcode extracting unit 26, the CRC 
checker 35, and the subcode buffer 24, or through the 40 
demodulator unit 23, the ECC decoder 24, the subcode 
extracting unit 26, the ring buffer 27, and the demulti- 
plexer 28. The control unit 33 fetches a number of layers 
and a layer number of a currently read sector. If the layer 
number of the currently read sector is different from a 45 
target layer number, the control unit 33 commands the 
drive unit 22 to switch the currently read layer to the other 
layer. A read signal from the switched layer is supplied 
to the control unit 33 through a similar path. Then, if the 
layer number of a sector from which the signal is being 50 
read is equal to the target layer number, reproduction is 
continued. 

Further, when the subcode data is in the form of Fig. 
18, the control' unit 33 reads copyright management 
information in the subcode, and controls the outputs of 55 
the host processor 32, the D/A and NTSC convertor 36, 
and the D/A convertor 37 in accordance with the contents 
of the copyright management information. If the subcode 
indicates that duplication is permitted only once, this 



information is delivered to externally connected equip- 
ment. 

When the above-mentioned search operations and 
random access are performed, the control unit 33 com- 
mands the ECC decoder 24 to change an error correc- 
tion mode. This causes the ECC decoder 24 to perform 
the error correction only with the C1 parity in multiplexed 
data. In this way, the subcode data can be fetched more 
promptly. Of course, if the error correction was performed 
with both C1 and C2 parities as is the case of normal 
reproduction, the error correction capability would be 
enhanced. However, the error correction with the C1 and 
C2 parities would result in delaying in extracting the sub- 
code data. 

According to the foregoing configuration, when a 
data recording medium 19 on which video data, audio 
data, caption data, data composed of a plurality of these 
data, and data produced on a computer are recorded in 
the unit of sector together with a time code, entry point 
information, picture header information, temporal refer- 
ence, or track number as a subcode added to each sec- 
tor, is reproduced at a variable data rate, by separately 
reproducing the subcode alone, it is possible to realize 
a data reproducing apparatus which provides remarka- 
ble improvements in the usability for special reproduc- 
tion, search and reproduction, and so on. 

Also, since information on copyright is additionally 
recorded as a subcode for each sector on the data 
recording medium 1 9 and this subcode is extracted when 
reproducing the data recording medium 19 for use in 
copyright management, detailed copyright management 
can be realized for each sector. 

Further, since layer information is additionally 
recorded as a subcode for each sector on the data 
recording medium 1 9 and this subcode is extracted when 
reproducing the data recording medium, it is possible to 
realize a data reproducing apparatus which can repro- 
duce recorded data extending over a plurality of layers 
with a simple configuration. 

Further, since an application identification number 
and application information area recorded in each sector 
as a subcode on the data recording medium and this sub- 
code is extracted when reproducing the data recording 
medium for controlling reproduction, it is possible to real- 
ize a data reproducing apparatus which provides 
remarkable improvements in the usability. 

(4) Other Embodiments 

While in the foregoing embodiment, a subcode 
extracted by the subcode extracting unit 26 is used when 
performing a search operation or random access, a sub- 
code separated by the demultiplexer 28 may also be 
used for the purpose. It should be noted however that 
since the ring buffer 27 causes a delay as described 
above, an improvement in operating speed will be limited 
as compared with the foregoing embodiment. 

While the foregoing embodiment has been 
described for the case where a subcode is recorded in 
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each sector prior to user data, the arrangement of the 
subcode is not limited to this. The subcode may be con- 
tained in 2,048 bytes of user data as other raw data dif- 
ferent from the user data, or may be contained as data 
having a particular packet header. Further alternatively, § 
the subcode may be located in a data management area 
which is reserved separately from a data recording area, 
i.e., a so-called TOC (Table of Contents) area in a com- 
pact disc or the like. 

White in the foregoing embodiment, the subcode w 
has a length of 14 bytes and the user data has a length 
of 2,048 bytes, the lengths of the subcode and the user 
data are not limited to these values and may be arbitrary 
selected as required. Also, the length of the error correc- 
tion code calculated for the subcode and the user data 15 
may be arbitrarily selected in accordance with require- 
ments to the error correction and detection capability and 
so on. 

The foregoing embodiment has been described for 
the case where ECC consisting of Reed-Solomon codes 20 
is added to the user data as an error correction code 
while CRC and EDC are added to the subcode as an 
error detection code. However, the kinds of error correc- 
tion and detection codes are not limited to the above. The 
point is that if the error correction and detection codes 25 
are selected such that the subcode is reproduced easier 
than the user data in view of a calculation time and so 
on upon reproduction, similar effects to those of the fore- 
going embodiment can be realized. 

While the foregoing embodiment has been 30 
described for the case where time code information, 
entry point information, picture header information, tem- 
poral reference information, copyright management 
information, layer information, track number or applica- 
tion identification number is added as a subcode, similar 35 
effect as those of the foregoing embodiment can be real- 
ized also by combining them or by adding other addi- 
tional information for data reproduction as a subcode, as 
required. 

In the foregoing embodiment, one packet of video 40 
data, audio data, caption data, data composed of a plu- 
rality of these data, and data produced on a computer is 
created so as not to extend over a plurality of sectors. 
Alternatively, a region in which one or a plurality of 
audio/video tracks are recorded as user data may be 45 
regarded as one file in a file system such that a computer 
can manage and modify an assignment situation of a 
region for computer data and programs and a region for 
recording audio/video data on a data recording medium. 
Further, in this case, the TOC area may be treated as a so 
virtual directory in the file system, and audio/video data 
may be treated as files existing in the directory such that 
the audio/video data can be read from and written into a 
computer system. 

While the foregoing embodiment has been 55 
described for the case where the present invention is 
applied to recording and reproducing of video data, audio 
data, caption data, data composed of a plurality of these 
data, and data produced on a computer based on the 



stipulation of IS011172 (MPEG1) or IS013818 
(MPEG2), the present invention is not limited to this but 
is suitable for wide applications to data recording meth- 
ods and apparatus, data recording media, and data 
reproducing methods and apparatus which treat a vari- 
ety of data. 

While in the foregoing embodiment, the multiplexed 
data is assumed to be variable rate data, of course, it 
may be fixed rate data. 

While the foregoing embodiment has been 
described on the assumption that the data recording 
medium 19 formed by the data recording apparatus 1 is 
directly utilized as the data recording medium 19 to be 
reproduced by the data reproducing apparatus 21, a 
recording medium reproduced by the data reproducing 
apparatus 21 may be one of recording media mass-pro- 
duced by a stamper or the like from the data recording 
medium 19 formed by the data recording apparatus 1 
used as a master recording medium. 

According to the present invention as described 
above, by virtue of additional information for data repro- 
duction serving as a subcode separately from data in 
each sector, which is added when the data is recorded 
on a data recording medium in the unit of sector, it is pos- 
sible to realize a data recording method and apparatus 
as well as a data recording medium which can control 
data reproduction using the subcode and hence can 
remarkably improve the usability of the data recording 
medium. 

Also, according to the present invention as 
described above, upon reproducing a data recording 
medium which has a subcode serving as additional infor- 
mation for data reproduction in each sector separately 
from data, which was added when the data was recorded 
in the unit of sector, the subcode recorded in each sector 
is reproduced separately from reproduction of data 
recorded in each sector, in order to control the reproduc- 
tion of the data, thereby making it possible to realize a 
data reproducing method and apparatus which can sup- 
port a variety of reproducing methods and improve the 
usability. 

Industrial Availability 

The data recording method and apparatus of the 
present invention may be utilized to record compressed 
digital images, compressed digital speech and so on in 
a multiplex manner to create DVD (Digital Video Disc). 
The data recording medium of the present invention, in 
turn, may be utilized as DVD on which compressed dig- 
ital images, compressed digital speech and so on are 
recorded in a multiplex manner. Further, the data repro- 
ducing method and apparatus of the present invention 
may be utilized to reproduce data from DVD on which 
compressed digital images, compressed digital speech 
and so on are recorded in a multiplex manner. 
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Explanation of Reference Numerals 

1 ... Data Recording Apparatus, 2 ... Master Data 
Supply Unit, 3 ... Computer, 4 ... Computer Interface, 5 
... Video Encoder, 6 ... Audio Encoder, 7 ... Caption 5 
Encoder, 8 ... Multiplexer Circuit, 9 ... Time Code Infor- 
mation Generator, 10 ... Time Code Information Switch- 
ing Circuit, 1 1 ... Subcode Encoder, 12 ... CRC Encoder, 
13 ... Synchronization Pattern Adding Circuit, 14 ... Sub- 
code Buffer, 15 ... Subcode Adding Circuit, 16 ... ECC 10 
Encoder, 17 ... Modulator Circuit, 18 ... Writer Circuit, 19 
... Data Recording Medium, 20 ... Control Unit, 21 ... Data 
Reproducing Apparatus, 22 ... Drive Unit, 23 ... Demod- 
ulator Circuit, 24 ... ECC decoder, 25 ... Subcode Buffer, 
26 ... Subcode Extracting Unit. 27 ... Ring Buffer, 28 ... is 
Demultiplexer, 29 ... Video Decoder, 30 ... Audio 
Decoder, 31 ... Caption Decoder, 32 ... Host-processor, 
33 ... Control Unit, 34 ... Computer Interface, 35 ... CRC 
checker, 36 ... D/A and NTSC Convertor, 37 ... D/A Con- 
verter. 20 

Claims 

1 . A data recording method for recording data on a data 
recording medium in the unit of sector, wherein: 25 

additional information for data reproduction is 
recorded in each of said sectors as a subcode sep- 
arately from said data. 

2. The data recording method according to claim 1, 30 
wherein: 

video data, audio data, caption data, multi- 
plexed data including said video data and/or said 
audio data and/or said caption data, or computer 
data is recorded as said data. 35 

3. The data recording method according to claim 1, 
wherein a sector number for identifying said sector 
is added as said subcode. 

40 

4. The data recording method according to claim 3, 
wherein a predetermined time code is added as said 
subcode. 

5. The data recording method according to claim 3, 45 
wherein entry point information representing a sec- 
tor including the head position, of an l-picture is 
added as said subcode, when video data in accord- 
ance with the stipulation of IS011172 (MPEG1) or 
IS013818 (MPEG2) is recorded as said data. so 

6. The data recording method according to claim 3, 
wherein picture type information representing the 
type of a picture included in data within an associ- 
ated sector is added as said subcode, when video 55 
data in accordance with the stipulation of IS01 1 172 
(MPEG1) or IS013818 (MPEG2) is recorded as said 
data. 



7. The data recording method according to claim 3, 
wherein temporal reference information is added as 
said subcode, when video data in accordance with 
the stipulation of IS01 1172 (MPEG1) or IS013818 
(MPEG2) is recorded as said data. 

8. The data recording method according to claim 3, 
wherein copyright information for video data, audio 
data, caption data, or computer data is added as 
said subcode. 

9. The data recording method according to claim 3, 
wherein an application identification code corre- 
sponding to an application associated with data in a 
sector, and information on each application are 
added as said subcode. 

10. The data recording method according to claim 3, 
wherein track information is added as said subcode. 

11. A data recording apparatus for recording data on a 
data recording medium in the unit of sector, compris- 
ing: 

generating means for generating user data; 

subcode generating means for generating a 
subcode as additional information for data reproduc- 
tion separately from said user data to be recorded 
on said each sector; and 

subcode adding means for recording said 
user data and said subcode in said each sector. 

1 2. The data recording apparatus according to claim 1 1 , 
wherein: 

said user data includes video data, audio 
data, caption data, multiplexed data including said 
video data and/or said audio data and/or said cap- 
tion data, or computer data. 

1 3. The data recording apparatus according to claim 1 1 , 
wherein said subcode generating means generates 
a sector number for identifying said sector as said 
subcode. 

1 4. The data recording apparatus according to claim 1 3, 
wherein said subcode generating means generates 
a predetermined time code as said subcode. 

15. The data recording apparatus according to claim 13, 
wherein said subcode generating means generates 
entry point information representing a sector includ- 
ing the head position of an l-picture as said subcode, 
when video data in accordance with the stipulation 
of IS011172 (MPEG1) or IS013818 (MPEG2) is 
recorded as said user data. 

16. The data recording apparatus according to claim 13, 
wherein said subcode generating means generates 
picture type information representing the type of a 
picture including in data within an associated sector 
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as said subcode, when video data in accordance 
with the stipulation of IS011172 (MPEG1) or 
IS013818 (MPEG2) is recorded as said user data. 

17. A data recording apparatus according to claim 13. s 
wherein said subcode generating means generates 
temporal reference information as said subcode, 
when video data in accordance with the stipulation 

of IS011172 (MPEG1) or IS013818 (MPEG2) is 
recorded as said user data. io 

18. The data recording apparatus according to claim 1 3 , 
wherein said subcode generating means generates 
copyright information for video data, audio data, cap- 
tion data, or computer data as said subcode. is 

19. The data recording apparatus according to claim 13, 
wherein said subcode generating means generates 
an application identification code corresponding to 

an application associated with data in a sector, and 20 
information on each application as said subcode. 

20. The data recording apparatus according to claim 13, 
wherein said subcode generating means generates 
track information as said subcode. 25 

21 . A data recording medium for recording data thereon 
in the unit of sector, wherein: 

a subcode is recorded as additional informa- 
tion for data reproduction in said data sector sepa- 30 
rately from said data. 

22. The data recording medium according to claim 21, 
wherein video data audio data, caption data, multi- 
plexed data including said video data and/or said 35 
audio data and/or said caption data, or computer 
data is recorded as said data. 

23. The data recording medium according to claim 21, 
wherein said subcode includes a sector number for 40 
identifying said sector. 

24. The data recording medium according to claim 23, 
wherein said subcode includes a predetermined 
time code. as 

25. The data recording medium according to claim 23, 
wherein said subcode includes entry point informa- 
tion representing a sector including a head position 

of an l-picture, when video data in accordance with so 
the stipulation of IS011 1 72 (MPEG1 ) or IS01 381 8 
(MPEG2) is recorded as said user data. 

26. The data recording medium according to claim 23, 
wherein said subcode includes picture type informa- ss 
Hon representing the type of a picture including in 
data within an associated sector, when video data 

in accordance with the stipulation of IS011172 
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(MPEG 1) or IS013818 (MPEG2) is recorded as said 
user data. 

27. The data recording medium according to claim 23, 
wherein said subcode includes temporal reference 
information, when video data in accordance with the 
stipulation of IS011172 (MPEG1) or IS013818 
(MPEG2) is recorded as said user data. 

28. The data recording medium according to claim 23, 
wherein said subcode includes copyright informa- 
tion for video data, audio data, caption data, or com- 
puter data. 

29. The data recording medium according to claim 23, 
wherein said subcode includes an application iden- 
tification code corresponding to an application asso- 
ciated with data in a sector, and information on each 
application. 

30. The data recording medium according to claim 23, 
wherein said subcode includes track information. 

31. A data reproducing method for reproducing a data 
recording medium which has a subcode serving as 
additional information for data reproduction 
recorded in each sector separately from user data 
when the user data was recorded in the unit of said 
sector, wherein: 

said subcode recorded in said each sector is 
reproduced; 

reproduction of said user data is controlled 
based on said reproduced subcode. 

32. The data reproducing method according to claim 3 1 , 
wherein video data, audio data, caption data, multi- 
plexed data including said video data and/or said 
audio data and/or caption data, or computer data is 
recorded as said data on said recording medium. 

33. The data reproducing method according to claim 31 , 
wherein: 

said subcode includes a sector number for 
identifying said sector, and reproduction of said user 
data is controlled based on said sector number. 

34. The data reproducing method according to claim 33, 
wherein: 

said subcode includes a predetermined time 
code, and reproduction of said user data is control- 
led based on said time code. 

35. The data reproducing method according to claim 33, 
wherein: 

said subcode includes entry point information 
representing a sector including the head position of 
an l-picture as said subcode, when video data in 
accordance with the stipulation of IS011172 
(MPEG1) or ISQ13818 (MPEG2) is recorded as said 
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user data, and reproduction of said user data is con- 
trolled based said entry point information. 

36. The data reproducing method according to claim 33, 
wherein: 5 

said subcode includes picture type informa- 
tion representing the type of a picture included in 
data within an associated sector, when video data 
in accordance with the stipulation of IS011172 
(MPEG1 ) or IS01 381 8 (MPEG2) is recorded as said w 
user data, and reproduction of said user data is con- 
trolled based on said picture type information. 

37. The data reproducing method according to claim 33, 
wherein: 15 

said subcode includes temporal reference 
information, when video data in accordance with the 
stipulation of IS011172 (MPEG1) or IS013818 
(MPEG2) is recorded as said user data, and repro- 
duction of said user data is controlled based on said 20 
temporal reference information. 

38. The data reproducing method according to claim 33, 
wherein: 

said subcode includes copyright information 25 
for video data, audio data, caption data, or computer 
data, and a limit to duplication is controlled based 
on said copyright information. 

39. The data reproducing method according to claim 33, 30 
wherein: 

said subcode includes an application identi- 
fication code corresponding to an application asso- 
ciated with data in a sector and information on each 
application, and reproduction of said user data is 35 
controlled based on said application identification 
code and said information on each application. 

40. The data reproducing method according to claim 33, 
wherein: 40 

said subcode includes track information, and 
reproduction of said user data is controlled based 
on said track information. 

41. The data reproducing method according to claim 31, 45 
wherein: 

said subcode is extracted fro reproduced 
data before said data is demultiplexed, when a pre- 
determined one of said sectors is randomly 
accessed. 50 

42. The data reproducing method according to claim 31 , 
wherein: 

part of an error correction code is only used 
to perform error correction for said subcode, when 55 
a predetermined one of said sectors is randomly 
accessed. 



30 

43. A data reproducing apparatus for reproducing a data 
recording medium which has a subcode serving as 
additional information for data reproducing recorded 
in each sector separately from user data when the 
user data was recorded in the unit of said sector, 
comprising: 

reproducing means for reproducing user data 
recorded in said each sector; 

subcode reproducing means for reproducing 
said subcode recorded in said each sector; and 

control means for controlling reproduction of 
said user data based on said reproduced subcode. 

44. The data reproducing apparatus according to claim 
43, wherein video data, audio data, caption data, 
multiplexed data including said video data and/or 
audio data and/or said caption data, or computer 
data is recorded on said data recording medium as 
said user data. 

45. The data reproducing apparatus according to claim 
43, wherein: 

said subcode includes a sector number for 
identifying said sector, and said control means con- 
trols reproduction of said user data based on said 
sector number. 

46. The data reproducing apparatus according to claim 
43, wherein: 

said subcode includes predetermined time 
code, and said control means controls reproduction 
of said user data based on said time code. 

47. The data reproducing apparatus according to claim 
45, wherein: 

said subcode includes entry point information 
representing a sector including the head position of 
an l-picture as said subcode, when video data in 
accordance with the stipulation of IS011172 
(MPEG1) or IS013818 (MPEG2) is recorded as said 
user data based on said entry point information. 

48. The data reproducing apparatus according to claim 
45, wherein: 

said subcode includes picture type informa- 
tion representing the type of a picture included in 
data within an associated sector, when video data 
in accordance with the stipulation of IS011172 
(MPEG1)or IS013818 (MPEG2) is recorded as said 
user data, and said control means controls repro- 
duction of said user data based on said picture type 
information, 

49. The data reproducing apparatus according to claim 
45, wherein: 

said subcode includes temporal reference 
information, when video data in accordance with the 
stipulation of IS011172 (MPEG1) or IS013818 
(MPEG2) is recorded as said user data, and said 
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control means controls reproduction of said user 
data based on said temporal reference information. 

50. The data reproducing apparatus according to claim 
45, wherein: 

said subcode includes copyright information 
for video data, audio data, caption data, or computer 
data, and said control means controls a limit to dupli- 
cation of said respective data based on said copy- 
right information. 

51 . The data reproducing apparatus according to claim 
45, wherein: 

said subcode includes an application identi- 
fication code corresponding to an application asso- 
ciated with data in a sector and information on each 
application, and said control means controls repro- 
duction of said user data based on said application 
identification code and said information on each 
application. 

52. The data reproducing apparatus according to claim 
45, wherein: 

said subcode includes track information, and 
said control means controls reproduction of said 25 
user data based on said track information. 

53. The data reproducing apparatus according to claim 
43, wherein: 

said subcode reproducing means extracts 30 
said subcode from reproduced data before said 
reproduced data is demultiplexed, when a predeter- 
mined one of said sectors is randomly accessed. 

54. The data reproducing apparatus according to claim 
43, wherein: 

part of an error correction code is only used 
to perform error correction for said subcode, when 
a predetermined one of said sectors is randomly 
accessed. 
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DATA RECORDING FORMAT 
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FIG. 5 



STRUCTURE OF SUBCODE (1) 
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STRUCTURE OF SUBCODE (2) 
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FIG. 7 

STRUCTURE OF SUBCODE (3) 
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FIG. 8 

STRUCTURE OF SUBCODE (4) 
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STRUCTURE OF SUBCODE (5) 
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FORMAT OF PICTURE HEADER INFORMATION (1) 
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